A number of carbohydrates may be detected and estimated by means of a reaction with carbazole in sulphuric acid. The methods used have been summarized by Dische (1955). The present paper describes a procedure for the estimation of mixtures of glucuronic acid, glucose and xylose in pure solution, and of glucuronic acid and glucose in various polysaccharides and in urine. Work is also described indicating that the colours obtained with hexoses and pentoses are due to hydroxymethylfurfural and furfural respectively, and that the colour given by the uronic acids is due to neither of these compounds. Dische (1947) observed that the addition of water to the coloured complex which is slowly formed after mixing carbazole and glucuronic acid in 87 % sulphuric acid caused the colour to change and lighten, whereas the slight colour obtained with glucose and other sugars by the same process was intensified. In the present procedure one reading is taken with an absorptiometer 2-5 hr. after the reactants have been mixed; glucuronic acid gives an intense colour at this stage. Water is added, and two further readings are taken on the following day, one with a yellow-green and one with a violet filter. Glucose gives a more intense colour than glucuronic acid at this stage, with maximum absorption of light in the yellow-green region. Pentoses also give a colour at this stage with maximum absorption in the yellow-green region. The pentose colour is less intense than that given by glucose and other hexoses and has a secondary absorption maximum in the violet region, not shown by the hexose colour; this makes possible the detection and rough estimation of pentoses.
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MATERIALS AND METHODS
Carbazole. The product from L. Light and Co. gave no colour with H2SO4 at 100°. Solutions (0.2 and 0.3 %, w/v) of carbazole were made up in A.R. ethanol (water content less than 2%). Both were renewed within 3 months of preparation.
Standard&. The stock solution of glucuronolactone (L.
Light and Co.) was 1 mg./ml. and the dilute solution 0 1 mg./ ml. in water. Both were stored at 4°. The dilute standard was renewed within 1 month, and the stock within 3 months of preparation. Glucuronolactone was used in preference to glucuronic acid because of the difficulty of isolating the acid in the free state. Conversion of the lactone into the barium salt or into the free acid did not affect significantly the readings obtained in the standard procedure. Other carbohydrate8. Glucose (May and Baker Ltd.), galacturonic acid, glucosamine hydrochloride, galactono-ylactone and gluconic-8-lactone (L. Light and Co.), ascorbic acid, furfural and xylose (British Drug Houses Ltd.), arabinose, lactose, galactose and fructose (Hopkin and Williams Ltd.) were used in the same concentrations as glucuronolactone. Bornyl and menthyl glucuronosides were obtained from Sigma Chemical Co. (St Louis, Mo., U.S.A.), potassium hyaluronate and chondroitin sulphate from L. Light and Co., and oxidized cellulose from Parke, Davis Ltd. 5-Hydroxymethylfurfural was prepared from sucrose by the method of Haworth & Jones (1944) . Barium glucuronate and glucuronic acid were prepared from glucuronolactone by the method of Goebel & Babers (1933) .
Standard procedure Dilution. Maximum accuracy is only attained when the concentrations of both glucuronolactone and glucose in the test solution are within the range 10-100jlg./ml. and the combined amount of the two compounds is not more than 170 pg./ml. For estimations on urine (guinea-pig or human) suitable concentrations within this range are usually obtainable by diluting 1 ml. of urine to 20 ml.
Method. For each test, pairs of 1 ml. samples of appropriately diluted test solutions, of dilute carbohydrate standards and of water blanks are set up in 25 ml. Pyrex tubes, which are placed in water at 40 for 5 min. Then 6 ml. of ice-cold H2SO4 (A.R., Hopkin and Williams Ltd.) are added rapidly to each tube and mixed. All tubes are heated in boiling water for 20 min. and then transferred to water at room temperature. After 2 min., 0-2 ml. of 0-2 % carbazole is mixed with one of the solutions in each pair. All tubes are kept in an oven at 26°for 2-5 hr. Light absorption is then measured in a Hilger Spekker photoelectric colorimeter (H. 760) with an Ilford 604 spectrum green ifiter. Each tube with the carbazole reagent is read against the corresponding blank without the reagent.
A volume (6 ml.) of each solution was then added to 1 ml. of water (this quantity is critical) previously placed in another 25 ml. tube and 0-2 ml. of 0-3 % carbazole is mixed with the solutions to which 0-2% carbazole was originally added. All tubes are kept at 260 until 24 hr. after the first addition of carbazole reagent. Light absorption is then measured as before, except that readings are taken with Ilford 605 spectrum yellow-green and with Ilford 601 spectrum violet filters.
The intensity of the colour with glucuronolactone reaches a maximum between 2 and 2-5 hr. after addition of the reagent and thereafter slowly decreases. The colour with glucose slowly increases beyond 24 hr., but after this time the increase is largely offset by an increase in the reagent blank reading.
Standard nomogram. Estimations made on standard mixtures of glucuronolactone, glucose and xylose showed that the absorption readings after 2-5 and 24 hr. corresponded with the sum ofthe readings to be expected from the amounts of the components of the mixture taken. On this basis the nomogram shown in Fig. 1 was constructed empirically (e.g. Brodetsky, 1938) . The nomogram was used as long as the readings given by the two standard solutions (estimated together with the test solution) differed from those shown on the nomogram by less than 3 %. Standard readings outside the + 3 % limit occurred after the glucose, glucuronolactone or carbazole solutions had been kept for some time. Slight alterations in the standard and reagent blank readings were sometimes found in changing from one sample of sulphuric acid or ethanol to another. If the standard readings cannot be brought to values within 3 % of the readings shown on the nomogram by renewing the reagents, then it is necessary to prepare a fresh nomogram.
Mixtures containing pentose. The ratio R = Ev/(0-465 EG + EYG) for both glucose and glucuronolactone was 0-201, where Ev, EG and EyG were the absorption readings (minus the corresponding reagent blank readings) obtained with the violet (24 hr.), green (2-5 hr.) and yellow-green (24 hr.) filters respectively. The corresponding ratio for xylose was 0-781 and for arabinose 0-713. A ratio greater than 0-201 was thus taken to indicate (in the absence of galacturonic acid, for which B = 0-258) that pentose was probably present in the material being investigated. If xylose is present it can be calculated, if it is assumed that Beer's law applies, that the concentration of xyloseisEv(R -0-201)/0-58 wR, where w is a constant which is calculated by substituting in the expression the figures for a standard solution of xylose. The corresponding expression for arabinose is EV(R -0-201)/0-512 wR. The numerical factors in all these expressions were altered by changes in the quality of the carbazole, ethanol and sulphuric acid.
When the concentration of pentose has been calculated by one of these expressions, the absorption values corresponding with this content of the pentose may be subtracted from EG and EyG, and the corrected values used to obtain glucose and glucuronolactone concentrations from the standard nomogram.
For glucose and galacturonic acid Rl=0-197=Ev/ (0.784 EG + EyG); expressions for calculating pentose concentration may be derived if galacturonic is the only uronic acid.
RESULTS
Some results with various carbohydrates are shown in Tables 1 and 2. Ab8orption 8pectra of the coloured coMplexe8. Absorption spectra of the coloured complexes obtained in the standard procedure with a number of compounds were measured with the Hilger Uvispek (H. 700) spectrophotometer. The curves for hydroxymethylfurfural and furfural (after 24 hr.) are shown in Fig. 2 and contained 0-85 g. of protein/100 ml. Samples 2 and 3 were obtained during urine-concentration tests (e.g. Fishberg, 1939) and thus should presumably have contained dissolved material in a concentration approaching the maximum possible for normal subjects. Urine 1 was obtained after a large intake of fluid by the subject concerned. Urines 6, 7, 8 and 9 were 24 hr. specimens with total volumes of 750, 1075, 620 and 460 ml. respectively.
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If a creatinine excretion of 1-7 g./day for each subject is assumed for samples 1-5, the calculated or estimated daily excretion of glucuronic acid for all the samples ranges from 0-065 to 0-67 g./day. This is just within the normal range for European subjects (Brox, 1953; Fishman et al. 1951; Deichmann & Thomas, 1943) .
The recovery experiments for urine samples 5 and 7 illustrate the effect of insufficient dilution of the Table 3 . Glucuronic acid and glucose content8 of some acidic polysaccharides as estimated by the carbazole reaction
All the polysaccharide preparations except heparin were dried in vacuo over P,06 at 800 for 2 hr. before weighing. Solutions of all the preparations were in water except oxidized cellulose, which was in 0-005N-NaOH. Sulphate analyses on the solutions of chondroitinsulphate and heparin were carried out in triplicate by the method of Bray, Humphris, Thorpe, White & Wood (1952) . Glucose was assumed to be nil if the estimated glucose content of the polysaccharides was not more than 2 % by wt. of the estimated glucuronic acid content. Estimated pentose contents of the polysaccharides were in all cases less than 4 % of the combined estimated glucuronic acid and glucose contents and were assumed to be nil in calculating the figures given for glucuronic acid and glucose. urine on the results obtained. When 0-8 ml. of urine 5 was diluted to 20 ml. the concentration of glucuronolactone plus glucose was above the limit of 170,ug./ml. (see Methods); with urine 7 the final concentration ofglucose was higher than 100,ug./ml.
The estimated pentose contents of the urine samples had little statistical significance and are not included in Table 4 . In no case was the probability, that the mean of the estimates for a urine sample differed from zero by chance alone, less than 0 09.
One experiment with 40 pg. of added arabinose gave a mean recovery of 32-85 ± 2 34,g. The estimated concentrations of glucuronolactone and glucose in this urine were 528 ± 19 and 1335 ± 42,g./ ml. respectively. The concentrations found for the urine without added arabinose were 540 + 24 and 1300 + 27,tg./rnl.
The estimation of pentose by the standard procedure was unreliable in many urines because of variable contributions to the Ev reading by materials other than pentose. Acetone and acetoacetate, for instance, in a concentration greater than 2-3 mg./ ml., gave a slight yellowish colour after 24 hr. which absorbed light in the violet region.
Guinea-pig urine. Samples of 24 hr. urine collected over 4 days from nine normal guinea pigs on a dry diet (crushed oats, bran and milk powder with appropriate vitamin and mineral supplements) showed a mean total (free plus combined) glucuronic acid excretion of 3-34 +S.D. 1-67 mg./day/ guinea pig and a glucose excretion of 7 50 + 4 70 mg.
The same guinea pigs were each injected subcutaneously with 50 mg. of borneol in olive oil on two separate days. The glucuronic acid and glucose excretions in the 24 hr. after injection were 19-24 ± 6-16 and 7-84 + 6-52 mg. respectively.
DISCUSSION
The results in Table 2 show that the modified carbazole method can be applied to solutions containing glucuronolactone, glucose and xylose to give estimates of one or all of these constituents over the concentration range for each of 10-100,ug./ml. Table 1 shows that the differences between the readings obtained with equimolar amounts of glucuronolactone, glucuronic acid and barium glucuronate were not significant in relation to the standard deviations given in Table 2 . The readings obtained with bornyl and menthyl glucuronosides were somewhat lower than for an equimolar amount of glucuronolactone, but the magnitudes of any two of the readings were related to the third by almost the same ratios as for glucuronolactone. Fructose gave a pink blank not given by glucose in equimolar concentration, but this colour apparently did not interfere with the development of the colour with carbazole, or the subsequent measurement against the blank. Galactose and lactose gave lower readings than an equivalent amount of glucose, but the magnitudes of any two of the readings were related to the third by almost the same ratios as for glucose. It is thus possible to use the nomogram (Fig. 1) for the estimation of glucuronic acid and its barium salt (and presumably other salts), and of fructose and the glucose in soluble starch.
An attempted purification of the heparin preparation (Table 3 ), unlike that of the hyaluronate preparation, failed to reduce the low estimated glucose content. The anomalous readings obtained with heparin may be characteristic of the structure of the compound rather than a result of the presence of glucose or some other hexose in the preparation. Dische (1955) states that the hexuronic acid of heparin gives anomalous results in a number of colour reactions. Dische (1947) found that the extinction coefficient of the colour obtained with heparin in the reaction with carbazole was 50% greater than that obtained with an equivalent amount of glucuronic acid. The extinction coefficient obtained for heparin in the present work does not appear to be greater than that which might be expected from the glucuronic acid content calculated from previous analyses on heparin preparations (see Foster & Huggard, 1955) .
The figures obtained for gum tragacanth, together with those in Table 2 , indicate the possibility that the method may be useful in testing preparations of the plant hemicelluloses, which contain glucuronic or galacturonic acid, glucose or galactose and xylose or arabinose.
The highest concentration of glucose found in nine normal urines was 0-19 %. In the present method, non-carbohydrate materials and reducing glucuronosides do not contribute to the figures for glucose. The figures would, however, include, if they were present, other free or combined hexoses which occasionally occur in urine. The recovery of added glucuronolactone and glucose appeared to vary little despite the widely differing specific gravities of the urines. Albumin, urea, or acetoacetate plus acetone, when added in amounts corresponding with the average excess above normal found in pathological conditions, had little effect on the recovery from urine of either glucuronolactone or glucose. The urine of a nephritic subject also showed no decrease in the recoveries. Further recovery experiments, not shown in Table 4 , indicated that addition of larger quantities of the ketone bodies decreased the recovery of glucuronolactone and that addition of larger quantities of albumin decreased the recovery of glucose, whereas the addition of larger quantities of urea gave recoveries Vol. 67 299
